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Description 

The present invention relates to the preparation of novel ester compounds useful in assaying a test 
sample for the presence of analytes such as leukocyte cells, esterase and protease. The invention is 
5 particularly useful in detecting leukocyte levels in body fluids such as urine, and reduces the laboratory 
procedure for such assay from a cumbersome counting procedure requiring microscopic observation, to a' 
rapid, facile dip-and-read operation. 

The presence of an abnormally high level of leukocytes in a patient's urine is possibly indicative of such 
pathological conditions as kidney or urogenital tract infection or other dysfunction. Accordingly, accurate 
to urinary leukocyte information can be an invaluable tool to the physician in diagnosis and treatment of such 
pathologies. 

Traditionaly, the medical profession has relied on visual determination techniques to count leukocyte 
population In urine sediment or uncentrifuged urine, a process requiring expensive equipment such as a 
centrifuge and microscope, as well as inordinate time expenditure on the part of the clinician. Moroever, 
/5 the traditional techniques suffer from the disadvantage that only intact cells are determined. Leukocytes 
occurring in the urinary system are subject to conditions which can favor extensive cell lysis. For example, 
it is known that in urines of abnormally high pH, leukocyte half line can be as low as 60 minutes. Since lysed 
cells escape detection in visual examination techniques, erroneously low determinations and fals 
negatives can result. 

20 Of the two techniques of microscopic leukocyte analysis — urine sediment and non-centrifuged, 
homogenized urine — the former is clearly the most desirable. Although dependable results can inure to 
the latter, urine sediment observation is used in an overwhelming majority of instances. It requires that the 
urine sample can be centrifuged and the sediment isolated and subjected to microscopic inspection. The 
analyst then counts the number of leukocytes appearing in the viewing field. This task is further 

r.5 complicated by the presence of other urinary components in the sediment such as epithelial cells and salt 
particles. The varying content of sediment constituents, coupled with other complicating factors including 
non-homogeneity of the sample and differing optical powers among microscope equipment, can lead to 
enormous errors in the ultimate determination. 

It is thus apparent that a quick, facile method of leukocyte determination, one which would eliminate 

30 the need for timeH:onsuming techniques, as well as cost-consuming equipment, and which would provide 
accurate responses to esterase, protease or leukocyte cells, whether the cells are intact or lysed, would 
indeed constitute a quantum advance in the state-of-the-art. The present invention provides such an 
advance. Moreover, it Is based, not on the ability to see leukocytes, but on the enzymatic activity they 
exhibit, and therefore is substantially free of the inaccuracies described above. 

35 Traditionally, esterification reactions between acyl halides and alcohols (or phenols) to form esters are 
carried out in basic media. This is primarily to neutralize the halogen acid {HCl, HF, HBr, etc.) formed by the 
esterification, thus shifting the equilibrium in favor of the formation of the ester. 

In Houben-Weyl: Methoden der Organischen Chemie, Vol. E5, page 497 (A); Vol. VIII, page 547 (B) and 
Vol. Vl/ld, page 109 (C), the addition of organic acids is disclosed to have a beneficial effect on the course of 

40 the acylation reaction. 

In the case where it is desirable to prepare esters of amino alcohols, however, it has been necessary to 
substitute the amino moiety with an N-blocking group, such as acetyl, tosyl, or tert-butyloxycarbonyl. 
Otherwise the compound becomes acylated both at the hydroxyl and the amine groups. Moreover where 
the compound is an enolic alcohol o-acylation is hampered by the<keto form, and side reactions on the 

45 more nucieophilic functional groups are likely to occur. 

Briefly stated, the present invention comprises a method for preparing the compound 3-(N-tosyl-L- 
aianinyloxy)-5-phenylpyrrole which consists essentially of reacting a 3-hydroxy-5-phenylpyiTole and N- 
tosyl-L-alaninylchloride in the presence of a solvent used for esterification, said solvent being selected from 
the group consisting of tetrahydrofuran, methylene chloride, chloroform, acetone, diethylether and 

50 benzene; 2.4 equivalents of trifluoroacetic acid based on 1.2 equivalent of N-tosyl-L-alaninylchloride 
characterized in that the reaction is catalytically effected by a weak organic base selected from the group 
consisting of pyridine and 2,6-lutidine. 

The invention is further related to a method of preparing the compound 3-(N-tosyl-L-alaninyloxy)-1- 
methyl-5-phenylpyrrole which consists essentially of reacting 3-hydroxy-N-methyi-5-phenylpyrrole and N- 

55 toxyl-L-aianinylchloride in the presence of a solvent for the esterification selected from the group 
consisting of tetrahydrofuran, methylene chloride, chl reform, acetone, diethylether and benzene, 2.4 
equivalents of trifluroacetic acid based on 1.2 equivalents of N-tosyl-L-alaninylchloride, characterized in 
that the reaction is catalytically effected by a weak organic base selected from the group consisting of 
pyridine and 2,6-lutidine. 

go In addition the invention is related to a method of preparing the compound 3-(N-tosyl-L-alaninyloxy)-5- 
(p-chlorophenyl)-pyrrole which consists ess ntially of reacting 3-hydroxyl-5-(p-chlorophenyl)-pyrrole and 
N-toxyl-L-alaninylchloride in the presence of a solvent for esterification selected from the group consisting 
of tetrahydrofuran, methylene chloride, chloroform, acetone, diethylether and benzene and 2.46 
equivalents of trifluoroacetic acid based on 1.2 equivalents of N-tosyl-L-alaninylchloride, characterized in 

55 
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that the reaction is catalytically effected by a weak organic base selected from th group consisting of 
pyridine and 2,6-iutidine. 

The above reactions can be performed in the presence of pyridine and trifluoroacetic acid, the nnolar 
ratio of pyridine to acid being up to 4:1. 
5 The temperature at which the reaction is conducted should assure the stability of the reactants as well 
as the product, and thus can be routinely determined on a case-by-case basis. When the starting material, 
for example, is indoxyl or 3-hydroxy-5-phenylpyrrole, the preferred temperature range is about -30° to 
room temperature. Ideally the reaction is run at about ETC for indoxyl and about 0°C for the pyrrole. 

Solvents used for the esterification are non-aqueous, and should be relatively free of trace water. 
10 Included as preferred solvents are tetrahydrofuran (THF), methylene chloride, chloroform, acetone, diethyl 
ether, and benzene. The solvent most preferred is THF 

Weak organic bases which effect the reaction catalytically as pyridine, and 2,6-lutidine are employed. 
Materials which assure anhydrous conditions, such as anhydrous IVIgSO* and molecular sieves can also b 
added to the reaction mixture. 
;5 The organic acid which is an essential part of the invention process possesses wide latitude in its 
definition. It includes allcanoic acid, substituted alkanoic acids, aromatic carboxylic acids, substituted 
aromatic carboxylic acids. Specific compounds included within the scope of "organic acid" include 
trifluoroacetic, oxalic, citric, acetic, benzoic, 2,4-dinitroben2oic methane sulfonic and the like. 

The following examples are provided to further assist the reader in making and using the present 
20 invention. Thus, preferred embodiments are described in experimental detail and analyzed as to th 
results. The examples are meant to be illustrative only, and are in no way intended as limiting the scope of 
the invention described and claimed herein. 

In the following experimental discussion abbreviations are used as indicated: 





g = 


gram 


25 


kg = 


kilogram 




L = 


liter 




mL = 


milliliter 




M = 


molar 




mM = 


miliimolar 


30 


N = 


normal 




eq = 


equivalents 




mol = 


gram molecular formula (moles) 




mmsl 


gram molecular formula x 10"' (millimoles) 




aq = 


aqueous 


35 


hr = 


hour 




TLC = 


thin layer chromatography 



Infrared (IR) spectra were obtained with a Perkin-EImer IVfodel 71QB or 237 infrared spectrophotometer as 
solutions in CHCI3 unless otherwise noted; the 1602 cm"' band of polystyrene film was used as an external 
calibration standard. Signals are reported as cm"'. 
40 Proton magnetic resonance (1H NMR) spectra were obtained at 89.55 MHz using a JEOL FX— 900 
spectrometer or at 60 MHz using a Varian T— 60 spectrometer; spectra were obtained in CDCI3 solution 
unless otherwise noted. Chemical shifts are reported in parts per million downfield from the intemal 
standard tetramethylsilane. 

Carbon— 13 magnetic resonance (130 NMR) spectra were obtained at 22.5 MHz using a JEOL FX90Q 
45 spectrometer with Fourier transform and with full proton broad-band noise decoupling; spectra were 
obtained in COCI3 solution unless otherwise noted. Carbon shifts are reported in parts per million 
downfield from the intemal standard tetramethylsilane. 

Organic reagents were obtained from Aldrich Chemical Company and were used without purification, 
unless otherwise noted. Inorganic reagents were ACS reagent grade from Rsher Scientific Company or 
50 other major vendor. Reaction solvents were ACS reagent grade; tetrahydrofuran (THR was HPLC grade 
from J. T. Baker Chemical Company. Brine refers to a saturated aqueous sodium chloride solution. 

Thin layer chromatography (TLC) was performed using silica gel 60F— 254 plates from E. Merck. 
Column chromatography was performed using E. Merck Silica Gel 60 (70 — 230 mesh). All melting points 
and boiling points reported are uncorrected. 
55 The folllowing high pressure liquid chromatography (HPLC) procedure was followed. 

A HPLC column measuring 250 X 4.6 mm, charged with silanized silica gel (Partisil obtained from 
Waters and Ass elates) having an average particle size of 5 microns. The elutant or mobile phase was a 
mixture of n-hexane and ethyl acetate (7:3 parts by volume). The flow rate was 1.5 mL per minute at a 
pressur of 6,89 x 10® Pascal {= 1000 p.s.i.). Eluted components were detected using a Varian Aerograph 
60 (Varian Associates) reading at a wavelength of 254 nanometers. 

In each case, the retention tim of purified product was determin d, t assure the pres nee of that 
product when analyzing the reaction mixtures. Th retention time for indoxyl-N-tosyl-Z.-alaninate was 
about 9 minutes. 
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2 Synthesis ofS-fN-tosYl-L-a/aninyloxyf-S-phenyfpyrro/e (4) 

The synthesis of 3-{N-tosyl-Z.-alaninyloxY}-&-phenylpyrrole is illustrated in the follownng reaction 
sequence 



10 




COOH 



K HSOg , H^O HCl 
acetone, NaHCOj 




COOH 



IS 



KOH/EtOH 



20 



25 



30 



CD 
2H2O 




-coo K 



0 



CH 



KOH, 

H^O H ^N-CH^-COOH + 



\HCH2C00-K* fS^c'' 

Ac^O 

Pyridine 

IZCPG 



35 



40 



C2) 



0-Ac 




aOH/MeOH/H,0 
> 



(f C 




45 



SO 



55 




0 

11 

0-C-CH-CH_ 
I 3 

N ^ 

/\ 

H Ts pyridine 
0' C 



THF 



TFA 



0 
II 

CI -C-CH-CH, 

I ^ 

N 

/ \ 
H Ts • 
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N-tosyl-i-alanine _,. . . . . , , ... cor« i 

i-alanine (100 g; 1.11 moles) was dissolved in 2.25 L of 1 N sodium hydrox.de (aq). cooled to 5°C and 
stirred while a solution of p-toluenesulfonyl chloride <218 g; 1 .1 1 moles) dissolved in 450 mL of toluene was 
added slowly. The mixture was stirred at ambient temperature for 20 hr. The layers were separated and the 
chilled aqueous layer acidified to pH 1 with concentrated hydrochloric acid The wh'te sohd title cornpound 
wascolle^ed by filtration, washed with waterand dried. Yield 78.5 g <66%) mP 34-5 C |R (CHCy cm 
1726, 1340, 1 165. 1095; 1 H NMR (OMSO-De) 5 1.20 (d. J=7. 3H). 2.40 (s. 3H). 3.85 (p. J=8. IH). 6 4(br s 1H) 
(CO^H), 7.41 (d, J;,8=8. 2H) and 7.75 Cd, J^b=8, 2H) [center of pattern: 7.58; AV^b=20.49Hz1, 8.03 {brd J=8. 
1H) (NH). 



to 



30 



35 



40 



N-tosyl-Z.-alaninyl chlonde 

Method A 



A mixture of N-tosyl-i-alanine (12.4 g; 0.05 mol) and thionyl chloride (25 mL) was heated for 90 
minutes at 55°C, and then concentrated on the rotary evaporator at 40X. The red solid residue was 
JO dissolved in 200 mL of boiling CCI4, decolorized with 20 g of oven-dried Norit® 211 activated carbon 
(American Norit Co.. Inc.). filtered and chilled. The cream colored solid title Product was coHected by 
filtration, washed with hexane and dried. Yield 8.48 g (65%) with mp 101-iOlf C IR {CHCI3) cm 3360, 
3260, 3025, 1775. 1605. 1350. 1170. 910; 1H NMR (DCDI3) 1.48 (d, J=7. 3H), 2.43 (s. 3H). 4.33 (p. J=8, IH). 
5.98 (br d. J=8, IH), (NH). 7.31 (d, J^-^B. 2H) and 7.76 (d, Jao=8, 2H) [center pattern: 7.53; AVAe=26.83H2). 
20 Anal. Calcd. for C-oHizCINOsS: C, 45.89; H, 4.62; N. 5.35 
Found: C, 46.63; H, 4.90; N, 5.19 

Method B 

A mixture of N-tosyl-ZL-alanine (3.1 g; 13 mmol) and thlonyl chloride (6 mL) was heated for 90 mm at 
25 SS'C. then diluted with 50 ml of dry hexane. The mixture was stirred rapidly, chilled and ttie solid proau« 
filtered. Yield 3.15 g (93%) mp 9&-1G0'C. The IR spectrum was identical to that of the recrystallizea 
material prepared by Method A. 



2-Hydroxy-3(carboxymethYlaminohhydrocinnamic acid dipotassium salt dihydrate (1) 

A stirred slurry of 1 .0 kg of franscinnamic acid (6.75 mol) in 4.5 L acetone was treated first with NaHCO, 
(2 47 kg- 29 4 mol; 4.36 eq) then carefully with water (4.5 L). The resulting thick mixture as treated 
dii>pwis4. over 1.5-2.0 hr, with a solution of OXONE« (DuPont Co.) monopersulfate compourid (3.78 kg; 
contains 1.825 eq of KHSOg) in 0.4 mM aqueous disodium ethylenediamine tetracetic acid (EDTA) (14.5 L; 
prepared by dissolvina 2.17 g disodium EDTA dehydrate in 14.5 L distilled water). ^'^ Dunng this addition 
the reaction temperature was maintained at 24— 2rc using a water bath; the reaction pH was noted to be 
about 7.4. After the addition was completed the mixture was stirred an additional 0.5 hour then cooled to 
about 10°C. The reaction was acidified with cone. HCI (-1.2 L) to pH = 2 while maintaining the temperatur 
at around 10=0, and then treated with CHJZ\^ (5.05 L) and stirred vigorously for 10 minutes. 



' J. O. Edwards, et al, Photochem. Photobiol. 30, 63 (1979) 
= R.Curci,ef3/,y.0/y.C/?em. 45, 4758(1980). ^ . , u-^ 

After allowing the mixture to settle, the aqueous layer was decanted off and the organic layer, whioi 
contained insoluble salts, were filtered through paper with suction. The filtered solids were washed with 
45 CHjCU (1 .9 LI and the aqueous layer extracted with this filtrate. The filtered solids were again washed with 
CH,CI, (3 15 LI and the aqueous layer extracted with this filtrate. The combined CH2CI2 layers were 
extracted with a solution of KOH (593.3 g) in water (6.31 L) — gentle heating to about 40°C is often required 
to dissolve a solid which may separate during the base extraction. The CHjClj layer was then extracted with 
a solution of KOH (99 g) in water (1.5 L) and the combined base extracts treated with glycine (481.7 g; 6.416 
so mol; 0.95 eq); the organic layer was discarded. . , , 

The solution pH was adjusted to 11.5 with 25% aqueous KOH then heated to boiling. Approximately 
900 mL of low boiling liquid (acetone and water) was distilled off until the vapor temperature reached ggX, 
following which, the mixture was refluxed for 2 hours. After cooling, the reaction mixture was extracted 
with CHjCU (3.15 L). the CHsClj phase discarded and tiie aqueous phase evaporated to dryness under 
reduced pressure with a 70"'C bath. The residue was boiled in 95% EtOH (8.83 L) for 30 minutes, then 
allowed to cool slowly with stirring, whereupon the product separates as fine crystals. These were filtered, 
washed with fresh 95% EtOH (1.26 L) and dried in a 50— 60°C oven to giv th title compound (1.77 kg; 
74.6%) as white crystals with mp = 120— 2°C (uncorrected). ^ 

IR (KBr) cm-' 3420 (br.), 1590 (br.), 1410, 1130, 710; 'H NMR (D^G-TSP) 6 3.1 (s, 2H), 3.89 
(d I Jab' =4, IH) and 4.52 (d, | Jab | =4, IH) [center of pattern: 4.21; AVab=18.83H2.1, 4.68 (s, 6H, 
ex'changable protons), 7.4 (s, 5H); TLC Rf = 0.59 (EtOH:1M triethylammonium bicarbonate, 7:3). 
Anal. Calcd. for CH.sNCKa: C. 37.59; H, 4.30; N, 3.99 
Found: C. 37.22; H. 4.24; N. 3.96 
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N-acetyl-S-acetoxY-S-phenylpyrrale (2) 

A suspension of 2-hYdroxy-3-(carboxyinethylannino)-hydrodnnamic add dipotassium salt dihydrate 
{!) {1.0 kg; 2.87 mol) in pyridine (3.0 L) at ambient temperature under an inert gas atmosphere. A mild 
exothermic reaction ensued and the reaction temperature rose exponentially to 60 — 70''C during a period of 
5 1 .5 — 2.5 hours. Once the reaction began to cool the mixture was heated to 120 — 1 23°C for 1 5 minutes, th n 
allowed to cool to ambient temperature over 1 hour, during which time pyridinium acetate separated as 
crystals. The mixture was filtered through paper with suction and the salts washed with EtOAc until 
colorless; the filtrate was evaporated to dryness in vacuo. 

The dark red residue was dissolved in EtOAc (3.0 L) washed three times with water (1.0 L eadi), dried 
10 over MgS04 and treated with Darco-G60® activated carbon (iCI Americas, Inc.) (300 g). After stirring for 30 
minutes the mixture was filtered through Celite® (Johns-Manville) and evaporated to dryness in vacuo to 
give a reddish-orange oil. This oil was dissolved in warm 2-propanol (1.2 U, then allowed to cool slowly to 
ambient temperature overnight, whereupon a solid separates. The crystalline product was filtered, washed 
with 50% aqueous 2-propanol and dried in vacuo to give the title compound (417 g; 60%) with 
ts mp = 58 — 60°C (uncorrected). A portion was taken up in EtjO, treated with Norit 211, filtered and 
concentrated under reduced pressure; on standing at O'C colorless tiny needles separated. These were 
filtered, washed with EtjO: Hexane (1:1) and vacuum dried to give the analytical sample with 
fc mp = 60— 62.5°C (uncorrected). 

IR (CHCI,) cm-' 3020. 1760, 1730, 1595, 1378, 1320, 1220 (br.), 1030, 960, 903 'H NMR (CDCIj) 5 2.23 
20 (s, 3H), 2.27 (s, 3H), 6.18 (d, J=2, 1H), 7.35 (s, 5H), 7.42 (d, J=2, 1H); TLC Rf = 0.56 (toluene :diosane, 4:1). 
Ana/. Calcd. for CiHiaNOj: C, 69.12; H, 5.38; IM, 5.76 
Found: C, 68.88; H, 5.25; N, 5.53 

3-Hydroxy-5-phenyipYrrole 13} 

25 A finely divided portion of N-acetyl-3-acetoxy-5-phenylpyrrole (2) (36.8; 0.1 5 mol) was freed of oxygen 
by stirring in a flowing argon stream for 10 minutes, then suspended in deoxygenated MeOH (379 mL), 
cooled to -B'C (in a -15°C methanol (MeOH)/dry-ice bath) under an inert gas atmosphere and rapidly 
treated with an ice cold deoxygenated solution of 2N NaOH (300 mL). The reaction temperature rose 
immediately upon addition of base to IS'C, and after ~3 minutes the reanion mixture became 

30 homogeneous. As the reaction mixture cooled, compound 3 separates as fine crystals. After 15 minutes a 
solution of cold deoxygenated 2M citric acid (150 mL) was added, the resulting mixture was stirred for 10 
minutes, and then filtered. The solid was washed thoroughly with deoxygenated water (200 mL), taking 
care to minimize exposure of the product to air, then dried under vacumm ovemight to yield the title 
compound (22.3 g; 93.6%) as light pink tiny needles. 

35 IR (KBr) cm"' 3400, 3110, 2900, 1600, 1580, 1555, 1480, 1268, 1180, 742, 640; 'H NMR (DMSO— D^) 6 6.1 
(m, 1H), 6.3 (m, 1H), 7.0—7.7 (m, 5H), 8.0 (s, 1H), 10.4 (br s, 1H); TLC Rf = 0.20—0.28 (EtOH:CHCl3, 1:9). 
/Ira/. Calcd. for C10H9NO: C, 75.45; H, 5.70; N, 8.80 
Found: C, 75.30; H, 5.69; N, 8.67 

40 3-(N-tosyl-L-alaninyloxy)-5-phenylpyrrole (4) 

A solution of anhydrous tetrahydrofuran (THF, 450 mL), pyridine (43.8 mL; 0.542 mol; 1.2 eq) and 
trifluoroacetic cid (85.0 mL; 1.10 mol; 2.4 eq), maintained at 0*^ under an inert gas atmosphere, was treated 
in one portion with 3-hYdroxy-5-phenylpyrrole (3) (71.5 g; 0.45 mol 1.0 eq) followed immediately by the 
dropwise addition, over &— 10 minutes of a solution of freshly prepared N4osyl-/.-alaninyl chloride (141.0 

45 g; 0.54 mol; 1.2 eq) in anhydrous THF (450 mL). The resulting mixture was stirred for 15 minutes at 0°C. The 
reaction was then quenched by addition of a solution of 1.0 M aqueous dtric add (315 mL) and EtOAc (1.35 
L). After brief mixing the phases were separated and the organic layer washed with a solution of aqueous 
NaCI (360 mL; 0.18 g NaCI per mL of water). The organic layer was next extracted twice with a solution of 
5% aqueous NaHCOj (1.35 L each), and then washed with another portion of aqueous NaCI (360 mL; 0.18 g 

so NaCI per mL of water). The reddish brown organic layer was stirred at ambient temperature for 15 minutes 
with MgSO* (101 g) and Darco— G60 (143 g), then filtered through Celite and evaporated to dryness in 
vacuo from a 37°C bath to give (4} as a pinkish-white solid. The crude product was ground to a powder and 
dissolved in warm (50°C) THF (250 mL), stirred vigorously and diluted with n-hexane (250 mL). The stirring 
was continued for 1 hour at ambient temperature as the product crystallized. The solid was filtered, washed 

55 with toluene (about 1.0 L) until the filtrate was colorless, then dried in vacuo ovemight to yield the title 
compound (112 g; 65%) as a whit powder with mp = 154.5— 155°C. 

IR (KCI) cm-' 3350, 3325, 1760. 1508, 1320, 1155, 770; 'H NMR (DMSG— d«) 5 1.33 (d, J=7, 3H), 2.36 
(s, 3H), 4.13 (p, J=8, 1H), 6.25 (m, 1 H), 6.73 (m, 1H). 7.05—7.50 (m, 5H), 7.5—7.85 (m, 4H), 8.42 (d, J=8, 1H), 
11.18 (brs, 1H); "C NMR (DMSO-d«) ppm 18.335,21.001, 51^370,98.061, 108.336, 123.423, 126.024, 126.610, 

60 128.560, 128.756. 129.601. 132.397, 137.600, 138.380. 142.737. 169.919; (a)o = -70° (c=1.11, MeOH); 
TLC Rf = 0.45 (EtOAc:hexane, 1:1); TLC Rf = 0.40 (toluene:dioxane, 4:1). 
Anal. Calcd. for C2oHa,N204S: C, 62.48; H, 5.24; N. 7.29 
F und: C, 6Z62; H, 5.27; N. 7.30 
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3 Synthesis of J-fN-tosyH-aJaninyJoxYf-t-methy/S-pheny/pyrw/e (8) 

The synthesis of 3-(N-tosyl-^-alaninyloxy)-1-methyl-5-phenylpyrrole (8) is illustrated in the following 
reaction sequence: 



10 




COC 



HO^^COO 'K* 



NH(CH,)CH,COOH 
i k >. 



KOH/H^O 




;5 



20 



Ac^O 
EtjN 



25 



30 



35 



40 



45 



(7D 




^OH 



TFA 
pyridine 
THF 



1) NaOH,CH,OH 
J 

2) 



0 
« 

Cl-C-CH-CH. 




(5) 




0— Ac 



(6) 



0 

n 

'O-C-CH-CH 



CH, 



50 2-HYdmxy-3-(N-methylcarbaxYmethylamino)-hydrocinnamic acid dipotassium salt (5) 

A mixture of ^henylglycidyl acid potassium salt (30 g; 0.15 mole), N-methylglycine (13.2 g; 
0.15 mole), distilled water (1 19 mL) and KOH solution ON; 22.3 mL) was heated to reflux for 3 hours to give 
a light yellow solution. The reaction mixture was evaporated to dryness under reduced pressure at TCC. 
The residue was then crystallized from 95% EtOH (100 mL) to give a white solid which, after drying 
55 overnight under reduced pressure at 110°C, yielded 30.8 g of white solid (5) yield 63%. 

IR (KCI) cm-' 3360 (br.). 1580, 1405, 705; 'H NMR (CDjOD) 6 2J30 (s, 3H). 2.98 (s, 2H), 3.70 (d, J=3H2. 
1H), 4.48 (d. J=3H2. 1H). 4.92 (s, 1H), 7.40 (s, 5H); TLC Rf = 0.51 (EtOH:1M triethylammonium bicarbonate, 
7:3). (Product had no melting point less than 270° C). 

60 3-Acetoxy-N-metfjy/-5-phenylpyrrale (6) 

A mixture of 2-hydroxy-3-(N-methylcarboxYmethylamino)-hYdrodnnamic acid dipotassium salt (5) 
(15.2 g, 46 mmole), acetic anhydride (173 mL) and triethylamine (308 mL) was heated at SO'C for 19 hrs. The 
reaction mixture, which became deep brown in color, was filt r d and th s lid washed with eth r. The 
filtrate was evaporated under reduced pressure to give a deep brown residue, which was taken up in ether 

65 (300 ml) and water (200 ml). The layers were separated and the ether layer washed with another portion of 
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water (200 ml). The ether solution was then dried over MgS04. filtered and concentrated under reduced 
pressure to give 10.7 g of brown residue which was purified by evaporative distillation (120 — 135°C; 
0.03 torr) and crystallization from ether yielded 3.0 g of white crystals (6) (yield 30%) mp = 64— 65*0. 

IR (CHCI3) cm-' 2990, 1750, 1570, 1518, 1482, 1375, 1240 (br.), 1024, 910, 700; 'H NMR (CDC!,) 5 2.20 
5 (S, 3H), 3.58 (s, 3H), 6.10 (d, J=2Hz. 1H), 6.75 (d, J=2Hz, 1H), 7.35 (s. 5H); TLC Rf = 0.58 (Hexane:EtOAc7:3). 

Anal. Calcd. for CaH^NOa: C. 72.54; H. 6.10; N, 6.44; 

Found: C. 72.57; H, 6.09; N. 6.51 

3-(N-tosYl-L-alaninYloxy)-1-methYl-5-phenYlpYrrole (81 

to To a mixture of deoxygenated methanol (15.5 ml) and 3-acetoxy-1-methyl-5-phenylpyrrole (6) (1.3 g, 
6.2 mmole), under argon, was added deoxygenated NaOH (2N, 12.5 ml). The reaction mixture was stin-ed in 
an ice bath for 15 minutes. Then deoxygenated citric acid (2M, 7 ml) was added and the resulting mixture 
was stirred in an ice bath for 8 minutes. The reaction mixture was concentrated under reduced pressure, 
then 20 ml of water was added and was extracted twice with ethylacetate (EtOAc) (50 ml). The EtOAc layers 

ts were combined, dried over MgS04, filtered and concentrated under reduced pressure to give 3-hydroxy-N- 
methyl-5-phenylpyrrole (7) as an orange residue. Under argon, a cold solution of anhydrous THF (12.4 ml), 
pyridine (0.6 ml, 7.4 mmole, 1.2 eq) and trifiuoroacetic acid (1.2 ml, 15 mmole, 2.4 eq) was added to th 
orange residue, followed immediately by the addition of a solution of freshly prepared N-tosyl-Z.-alaninyl 
chloride (1.2 g, 7.4 mmole, 1.2 eq) in anhydrous THF 1 2.4 ml). The resulting mixture was stirred for one hr at 

20 0°C. Then the reaction was quenched by the addition of aqueous citric acid (1M, 5 ml) and EtOAc (30 ml). 
After a brief mixing, the layers were separated and the organic layer was successively washed with 
saturated NaCI solution, twice with 5% NaHCOj solution and again with saturated NaCI solution. The EtOAc 
extract was then dried over MgSOa, treated with Norit 211, filtered and concentrated under reduced 
pressure to give the crude product (8) as an orange residue. This was dissolved in hexane:EtOAc (1:1) (5 

25 mL) and chromatographed on a column (SiOz, lOOg) by elution with hexane:EtOAc (7:3) to give 1 g of (8) as 
a thick light orange oil. A portion of this crude product was further purified by semi-perspective HPLC 
(column, IBM silica, 1 cm x 25 cm; mobile phase, hexanerEtOAc 8:2; a flow rate, 4.0 ml/min; pressure, 0.2 
psi) to yield a honey color thick oil (8}. 

IR (film) cm-' 3260. 2950, 1760, 1520, 1350. 1 170, 770; 'H NMR (DMSO-de) 5 1.28 (d, J=7Hz, 3H), 2.36 (s, 

30 3H), 3.58 (s, 3H), 5.85 (d, J=2HZ, 1H), 6.15 (m, 1H), 6.74 (d, J=2Hz, 1H), 7.30—7.80 (m, 9H). 8.37 (d, J=8Hz, 
1H); "C NMR (DMSO^Ie) 5 18.205, 20.936, 34.917, 51.240, 100.598, 113.148, 126.544, 127.000, 128.105, 
128.560, 129.601, 130.901. 132.202, 135.714, 138.315, 142.672, 169.724; TLC Rf « 0.52 (toluenerdioxane 4:1), 
High-resolution mass spectrum, C2iHz2N204S requires m/e 398.1300, found m/e 398.1297. 

35 4 SYnthesis of 3-(N-tosYl-L-alaninyloxY)-5-(p-chlorophenyl}pyrrole ( 13) 

The synthesis of 3-(N-tosyl-/:-alaninyloxy)-5-(p-chlorophenyl)pyrrole (13) is illustrated with the 
following reaction sequence: 
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1) NaOH 
CHjOH/H^O 

2) H^O* 




COO K 



N'^COO'K* • zn^o 




02) 



CF3COOH 

pyr idine 
THF 



(13) 



trans-^p-Ch/orophenyOgfyddyt acid 19) 

50 To a stirred slurry of p-chlorodnnamic acid (68.5 g; 0.375 mol) in 260 mL of acetone was added 
NaHCOi (137 g; 1.63 mol), followed by slow addition of 260 mL of water. To this mixture was added, over 
2.5 hours at 22—27^, a mixture of OXONE (211 g; 0.343 mol), 120 mg of disodium EDTA and 805 mL of 
water. After five hours the mixture was acidified wih 70 mL of cold 12 A/ HCt, to bring the pH down to about 
2.5, and it was extracted with 700 mL of ethyl acetate. The extract was washed with brine, dried with 

55 MgS04. filtered, and the filtrate was evaporated to dryness under vacuum. The white solids were 
crystallized from ethyl acetate: mp 121— S'C (72.2 g; 97% yield). NMR (CDa,/DMSO-PB) 5 7.3 (m, 4H), 
4.05 Id. J=2, IH) and 3.4 Id, J=2, IH). 

AnaL Calcd. for CsHyCIO,: C, 54.43; H, 3.55; CI, 17.85 
Found: C, 54,53; H. 3.80; CI, 17.91 

60 

2-HydroxY-3-(carboxYme^Ylamino)-p-chlorohydrodnnamic acid dipotassium salt difiydrate (10) 

To a solution of KQH 185%) (46.7 g; 0.709 mol) and 400 mL of water was added glycine (25.9 g; 0.345 
mol) fallowed by (ra/is-0-p-chiorophenylgiyddic add f9) (72.2 g; 0.3S35 mol). This mixture was heated at 
100^ for two hours, cooled to room temperature and suifftdent KOH added to raise the pH to 1Z The turbid 
6S SQluti n was extracted three times with ethyl acetate, which extract was then discarded; the dear aqueous 
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solution (about 500 mL) was evaporated under vacuum to dryness using a 70° water bath. The solids wer 
then dissolved in about 350 mL of hot ethanol, filtered, and the filtrate chilled in an ice bath for several 
hours. The crystallized solids were collected by filtration and washed with some cold ethanol; 
mp 93— 5°C with decarboxylation at ia5°C (57.2 g; 41%). 

'H NMR (DjO-TSP) 6 7.4 (s, 4H), 4.4 {d, J=4, 1H), 4.05 (d, J=4, 1H)„ and 3.1 (s, 2H). 

/»/ja/. Calcd. forCHioaNOsKj-ZHjO: C. 34.24; H, 3.66; N. 3.63 

Found: C, 34,40; H, 4.03; N, 3.42 

N-acetY/-3-acetoxY-5-(p-chlorophenYl)pyrrole (11} 

To the 2-hydro}(y-3-(carboxymethylamino)->x:hlorohydrocinnamic add dipotassium salt dihydrate 
^70/ (10 g; 0.02591 mol) was added acetic anhydride (40 mL) and pyridine (30 mL). This mixture was gently 
heated to 35°C at which point the solution exothemned to 67°, then began to cool, whereupon heating was 
again resumed. The mixture was heated to 121 — 2° (internal temperature) for one hour then cooled. To the 
reaction mixture was added about 30 mL of ethyl acetate which predpitated mostofthepyridinium acetat 
salt; this salt was collected by filtration and washed vwth a small amount of ethyl acetate. The filtrate was 
then evaporated under vacuum to an oil and ice water added. The product was extracted with ether and the 
ether extracts were successively washed twice with cold dilute citric acid, cold water, three times with cold 
dilute aq. NaHCOj, cold water and brine, followed by drying over IV1gS04 and filtering. The filtrate was 
treated with 10 g of Darco, stirred for 20 minutes and then filtered. The filtrate was evaporated under 
vacuum to an oil. To the oil was added 25 mL of 2-propanoi. The resultant solution yielded, with chilling 
and scratching, pale yellow crystals: mp 69— 71°C (3.4 g; 47%); TLC Rf - 0.61 (toluene:dioxane, 95:5). An 
analytical sample was recrystallized from 2-propanol but no change in mp was observed. 

IR (KCI) cm-' 1755 (C=0, ester) and 1730 (C=0, amide); 'H NMR (COQa) 6 7.4 (m, 5H). 6.2 (d, J=2. 1H), 
2,4 (s, 3H) and 2.3 (s, 3H). 

Anal. Calcd. for Ci4H,2CIN03: C, 60.55; H, 4.36; N, 5.04 

Found: C, 60.65; H, 4.55; N. 5.07 

S-Hydroxy-S-^p-chlorophenyDpyrrole (12) 

A sample of N-acetyl-3-acetoxy-5-p-chlorophenylpyrrole (IV (2.8 g; 0.01 mol) was deoxygenated for 
ten minutes with a stream of Nj. The solids were then dissolved in deoxygenated methanol (30 mL) which 
was then chilled to -8°C. At once was added a cold deoxygenated solution of NaOH (1.6 g; 0.04 mol) in 
20 mL H2O, which solution was then heated briefly to 1 5°C and then immediately cooled to — 5°C; after 25 
minutes the clear solution was treated with a cold deoxygenated solution of citric acid (4.2 g; 0.02 mol) in 
15 ml of HgO. The temperature rose briefly to 5''C. After 0.5 hour of stirring at -5° the solids were collected 
by filtration and washed with cold deoxygenated HjO. The pale green product was dried under vacuum at 
room temperature over PaOg for several days (1.3 g; 68%); TLC Rf = 0.19 {CHCl3:EtOH, 9:1); IR (KCL) 
showed no evidence for C=0 absorption. 

>4na/. Calcd. for CoHaCINO-l/eHjO: C, 61.08, H, 4.27; N, 7.12 

Found: C, 61.36; H, 4.44; N, 6.85 

3-(N-tosYl-L-alaninyloxy-5-(p-chlorophenYl)pyrrole (13) 

To N2 deoxygenated THF (15 mL) was added pyridine (0.65 mL; 0.008 mol), trifluoroacetic acid 
(1.27 mL; 0.0164 mol) and 3-hydroxy-5-p-chlorophenylpyrrole (12) (1.3 g; 0.0065 mol). The solution was 
chilled to 0°C to -4°C and a deoxygenated chilled (0 to -4°C) solution of N-tosyl-Z.-alaninyl chloride (2.1 
g; 0.008 mol) in 15 mL of THF was added over 10 minutes. After maintaining the mixture at 0°C for one 
hour, a mixture of ice and 1 00 mL of 1 A/ citric acid was added. This mixture was extracted with ethyl acetate 
and the extract washed with cold brine, twice with cold dilute NaHCOg, and once with cold brine, following 
which, it was dried over MgS04 and filtered. The filtrate was treated with 2 g of Darco and stirred for ten 
minutes, filtered and the filtrate concentrated under vacuum to a reddish-brown oil. A second treatment 
with 1.3 g Darco afforded a light reddish oil. The oil was dissolved in toluene:cydohexane (4:1) and placed 
in the refrigerator overnight Light salmon crystals were obtained (1.45 g; 53%); mp 113— S'C; TLC Rf = 
0.47 (ETzO); IR (kCI) cm"' 1740 (C=0, ester); 'H NMR (CDCI3) 6 8.4 (br. s, 1H), 7.8—7.2 (m. 8H), 6.7 (m, 1H), 
6.2 im, 1H), 5.5 (d, J=9, 1 H), 4.2 (p, J=8, 1H), 2.4 (s. 3H). 1.4 (d, 3H); MS (El, DIP) m/e 418 (M*, 2.3%) and 420 
(M*. 0.8%). 

Anal. Calcd. for C2aH,9CIN204S: C, 57.34; H, 4.57; N, 6.69 
Found: C, 57.53; H, 4.58; N, 6.67 

5 Preparation of indoxyl-N-tosyl-L-alaninate 

A series of experiments was conducted to Study th esterification of indoxyl utilizing various organic 
acids to direct the acylati n to the hydroxyl group in pr ference to th nitrogen. The reaction, and possible 
N- and 0-acylation products, can be depicted by: 
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The following experiments siiow that the presence of organic add directs the acylation principally to the 
hydroxyl group to produce the desired product (15), with minimal N-acylation (161. 

5. 1 Use of Citric Acid 

A stirred cold (-25''C) mixture of 1 .33 g (10 mmol) of indoxyl (14), 3.6 mL of pyridine, 27 mL of dry THF, 
0.6 g (3 mmol) of anhydrous citric acid and 1.2 g of anhydrous MgSO* was treated dropwise (under argon) 
with a solution of 3.93 g (15 mmol) of N-tosyl-/V-alaninyl chloride in 15 mL of THF, over a period of 1 hr. 
HPLC analysis showed a 31% conversion to the desired ester. (15). 

5.2 Use of Oxalic Acid 

A cold (CO stirred mixture of 3.0 g (22.5 mmol) of indoxyl (14). 7.2 mL of pyridine, 54 mL of dry THF, 
0.9 g (10 mmol) of oxalic acid and 1 .2 g of MgSO« was treated dropwise (under argon) with 8.64 g (33 mmol) 
of N-tosyl-i-alaninyl chloride dissolved in 30 mL of dry THF, over a period of 30 min. After 1 hr at 0°C HPLC 
analysis shows a 57.5% yield of (15). 

5.3 Use of Trifluoroacetic Acid 

To a (0°C> stirred mixture of 594 mL of pyridine, 35 g of MgSO„, 1320 mL of THF and 107 MNI f 
trifluoroacetic acid, under argon, was added 167 g (1 mole of 79% pure) of indoxyl (14) followed 
immediately by the rapid addition of 392.6 g (1.5 mol) of the N-tosyl-/.-alaninyl chloride dissolved in 880 mL 
of THF at such an addition rate as to keep the reaction temperature below 10°C. The mixture was stirred at 
CC for 1.5 hr then at room temperature for 1 hr. The volatiles were removed on the rotary evaporator at 
45*C. The dark viscous residue was partitioned between 2 L of ethyl acetate and 2 L of cold 1 N citric acid, 
filtered through activated charcoal to break the emulsion, and the layers separated. The ethyl acetate phase 
was washed twice with 1 L portions of 1 N citric acid, then twice with 1 L portions of saturated brine, three 
times with 1 L portions of 5% sodium bicarbonate solution, and finally twice with 2 L portions of brine. The 
organic phas was dri d (CaClz), filt red and evaporat d. Th dark viscous residue was dissolved in 4 L of 
ether, 500 g of Darco— G60 added, filtered through 300 g of Darco G— 60, filt r cake washed with 2 L of 
ether, and the filtrate evaporated to a dark viscous oil. The oil was crystallized from 500 mL of toluene to 
give 270 g (75% yield) of IS mp 99— 101"C. Recrystallization from hot toluene gave 243.2 g (68%) mp 
101.5— 10i5°C. 

Anal. Calcd. for C„H„N204S: C, 60.32; H, 5.06; N, 7.82 
Found: C. 59.74; H, 5.26; N. 7.90 
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5.4 Use of CHiCLz as Solvent 

A cold (O'C) stirred mixture of 217 g (20 mmol) of 14,, 25 mL of dry dichloromethane, 7.2 mL of dry 
pyridine, and 1.8 mL of trifluoroacetic acid was treated dropwise (under argon) with 7.68 g (30 mmol) of 
N-tosyl-Z.-alaninyl chloride, dissolved in 20 mL of dry dichloromethane over a 10 min. period. The mixture 
was stirred for 30 min. at 5°C then for 1 hr at 25°C. The mixture was washed with a saturated sodium 
bicarbonate and brine then dried with (MgSOJ, filtered and evaporated. The residue was dissolved in 
ether, decolorized with charcoal, filtered and evaporated. Crystallization from toluene gave 2.54 g (36%) of 
15 mp 96— 98°C. 

5.5 Use of DiisopropYlethylamine 

A stirred cold (0°C) mixture of 3.35 g (25 mmol) of 1, 5.1 g (39 mmol) of diisopropylethylamine 80 Ml of 
dry THF, and 1 g of anhydrous MgSO^ was treated dropwise (under argon) with 9.81 g (37.5 mmol) of 
N-tosyl-Z.-alaninyl chloride dissolved in 30 mL of dry THF, over a period of 30 min. HPLC analysis indicated 
an 80% yield of 3-hydroxy-1-{N-p-tosylsulfonyl)alaninyl indole (16) (HPLC retention time 10.5 min.) with 
only a trace of 15 being formed. Thus, the absence of an organic acid resulted in only a trace of the desir d 
ester. 

5.6 Use of Pyridine 

A stirred cold (0°C) mixtureof 3.35 g (25 mmol) of 1^8M\ (lOOmmol)of dry pyridine, 80 Ml of dry THF, 
and 1 g of anhydrous MgS04 (1 g) was treated dropwise (under argon) with 9.81 g (37.5 mmol) of N-tosyl-L- 
alaninyl chloride dissolved in 30 mL of dry THF, over a period of 20 min. HPLC analysis indicated an 80% 
yield of 16 and only a trace of 15. The absence of an organic acid resulted in only a trace of the desired ester. 

Claims 

1. The method of preparing the compound 3-{N-tosyl-L-alaniny!oxy)-5-phenyIpyrrole which consists 
essentially of reacting 3-hydroxy-5-phenylpyrrole and N-tosyi-L-alaninylchloride in the presence of a 
solvent used for esterification, said solvent being selected from the group consisting of tetrahydrofuran, 
methylene chloride, chloroform, acetone, diethylether and benzene, 2.4 equivalents of trifluoroacetic acid 
based on 1.2 equivalent of N-tosyl-L-alaninylchloride characterized in that the reaction is catalytically 
effected by a weak organic base selected from the group consisting of pyridine and 2,6-iutidine. 

2. The method of preparing the compound 3-(N-tosyl-L-alaninyloxy)-1-methyl-5-phenylpyrrole which 
consists essentially of reacting 3-hydroxy-N-methyl-5-phenylpyrrole and N-tosyl-L-alaninylchloride in the 
presence of a solvent for the the esterification selected from the group consisting of tetrahydrofuran, 
methylene chloride, chloroform, acetone, diethylether and benzene, 2.4 equivalents of trifluoroacetic add 
based on 1.2 equivalents of N-tosyl-L-alaninylchloride characteretzed in that the reaction is catalytically 
effected by a weak organic base selected from the group consisting of pyridine and 2.6-lutidine. 

3. The method of preparing the compound 3-(N-tosyl-L-alaninyloxy)-5-(p-chlorophenyl)pyrrole which 
consists essentially of reacting 3-hydroxy-S-(p-chlorophenvl)pyrrole and N-tosyl-L-alaninylchloride in the 
presence of a solvent for esterification selected from the group consisting of tetrahydrofuran, methylene 
chloride, chloroform, acetone, diethylether and benzene and 2.46 equivalents of trifluoroacetic acid based 
on 1.2 equivalents of N-tosyl-L-alaninylchloride, a weak organic base selected from the group consisting of 
pyridine and 2,6 lutidine. 

4. The method of any of claims 1 to 3 in which the reaction is performed in the presence of pyridine and 
trifluoroacetic acid, the molar ratio of pyridine to acid being up to 4:1. 

Pat en tansp ruche 

1. Verfahren zum Herstellen der Verbindung 3-(N-Tosyl-L-alaninyloxy)-5-phenylpyrrol, welches im 
wesentlichen aus dem Umsetzen von 3-Hydroxy-5-phenylpynrol und N-Tosyl-L-alaninylchlorid in 
Anwesenheit eines Losungsmittels besteht. das fur die Veresterung verwendet wird. wobei das 
Losungsmittel ausgewahit ist aus der Goippe, bestehend aus Tetrahydrofuran, Methylenchlorid, 
Chloroform, Aceton, Diethylether und Benzol, den 2,4-Aquivalenten von Trifluoroessigsaure, basierend auf 
dem 1.2 Aquivalent von N-Tosyl-L-alaninyichlorid, dadurch gekennzeichnet, dass die Reaktion katalytisch 
durch eine schwache, organische Base, ausgewahit aus der Gruppe, bestehend aus Pyridin und 2.6-Lutidin 
bewirkt wird. 

2. Verfahren zum Herstellen der Verbindung 3-(N-Tosyl-L-alaninyloxy)-1-methyl-5-phenylpyrrol. 
welches im wesentlichen aus dem Umsetzen von 3-Hydroxy-N-methyl-5-phenylpyn-ol und N-Tosyl-L- 
alanmylchlorid in Gegenwart eines Losungsmittels fur die Veresterung besteht, wobei das Losungsmittel 
aus der Gruppe, bestehend aus Tetrahydrofuran, Methylenchlorid, Chloroform, Ac ton, Diethylether und 
Benzol, d n 2.4-Aquivalenten von Trifluoressigsaur , basi rend auf d n 1,2-Aquival nten von N-Tosyl-L- 
alaninylchlorid ausgewahit ist, dadurch gekennzeichn t, dass di Reaktion katalytisch durch ine schwache 
organische Base, ausgewahit aus der Gruppe, bestehend aus Pyridin und 2,6-Lutidin, bewirkt wird. 

3. Verfahren zum Herstellen der Verbindung 3-(N-Tosyl-L-alaninvloxy)-5-(p-chlorphenvl)pyrral. 
welches im wesentlichen aus dem Umsetzen von 3-Hydroxy-5-(p-chlorphenynpyrrol und N-Tosyl-L- 
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alaninylchlorid in Gegenwart ernes Losungsmitteis zum Verestern, wob i das LosungsmitteJ ausgewahit ist 
aus der Gruppe, bestehend aus Tetrahydrofuran, Methylenchlorid, Chloroform. Aceton, Diethylether und 
Benzol und den 2.46-Aquivalenten von Trifluoressigsaure, basierend auf den 1.2-Aquivaienten von N- 
Tosyl-L-aianinytchlorid, und einer schwachen, organischen Base, ausgewahit aus der Gruppe, bestehend 
5 aus Pyridin und 2,6-Lutidin, besteht 

4. Verfahren gemass Anspruchen 1 bis 3, bei dem die Reaktion in Gegenwart von Pyridin und 
Trifluoressigsaure ausgefuhrt wird, wobei das moiare Verhaltnis von Pyridin zur Saure bis zu 4:1 betragt. 

Revendications 

10 

1. Methode pour preparer le compose 3-(N-tosyl-L-aianinylaxy)-5-phenylpyrrole, consistant 
essentiellement h faire reagir du S-hydroxy-S-phenylpyrrole et du chlorure de N-tosyl-L-alaninyle en 
presence d'un solvant utilise pour I'esterification, le dit solvant etant choisi dans le groupe comportarit le 
tetrahydrofuranne, le chlorure de methylene, le chloroforme, I'acetone, I'ether diethylique et le benzene, 

'5 2,4 equivalents d'acide trifluoro-acetique bas6 sur 1,2 Equivalent de chlorure de N-tosyl-L-alaninyle, 
caracterisee en ce que la reaction est effectuee avec catalyse par une base organique faible choisie dans le 
groupe comportant la pyridine et la 2,6-lutidine. 

2. Methode pour preparer le compost 3-{N-tosyl-L-alaninyloxy)-1-methyl-5-phenylpyrrolle, consistant 
essentiellement h faire reagir du 3-hydroxy-N-m6thyl-5-phenylpyrrole et du chlorure de N-tosyl-L-alaninyle 

20 en presence d'un solvant pour I'esterification choisi dans le groupe comportant le tetrahydrofuranne, le 
chlorure de methylene, le chloroforme, I'acetone, I'ether diethylique et le benzene; 2.4 equivalents d'acide 
trifluoro-acetique base sur 1,2 equivalents de chlorure de N-tosyl-L-alaninyle, caracterisee en ce que la 
reaction est effectuee avec catalyse par une base organique faible choisie dans ie groupe comportant la 
pyridine et ia 2,6-lutidine. 

25 3. M^hode pour preparer le compose 2-(N-tosyl-L-alaninyloxy)-5-(p-chlorophenyl)-pyrrole, consistant 
essentiellement a faire reagir le compose 3-hydroxy-5-{p-chlarophenyl)-pyrrole et le chlorure de N-tosyl- 
alaninyle en presence d'un solvant pour I'esterification choisi dans le groupe comportant le 
tetrahydrofuranne, le chlorure de methylene, le chloroforme, I'acetone, I'ether diethylique et le benzene et 
2,4 equivalents d'acide trifluoro-acetique base sur 1,2 equivalents de chlorure de N-tosyl-L-alaninyle, 

30 caracterisee en ce que la reaction est effectuee avec catalyse par une base organique faible choisie dans le 
groupe comportant la pyridine et la 2,6-lutidine. 

4. Methode selon I'une des revendications 1 a 3 dans laquelle la reaction est effectuee en presence de 
pyridine et d'acide trifluoro-acetique, ie rapport molaire entre la pyridine et I'acide aliant jusqu'a 4:1. 
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